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©  Structure  comprising  a  monocrystalline  substrate  supporting  a  device  layer  of  semiconductor  material. 

  An  intermediate,  lattice  accommodating  epitaxial  layer 
(4)  of  GaAlAs  is  positioned  between  a  monocrystalline 
substrate  (2),  eg  of  Al2O,  and  a  device  layer  (6)  of 
semiconductor  material  (eg  of  GaAs)  in  which  semiconduc- 
tor  devices  can  be  formed.  A  thin  layer  (5)  of  Ge  may  be 
included  between  the  substrate  (2)  and  the  GaAlAs  layer  (4) 
to  permit  a  wider  lattice  spacing  tolerance  for  the  substrate 
(2). 



This  i nven t ion   r e l a t e s   to  s t r u c t u r e s   comprising  a  m o n o c r y s t a l l i n e  

s u b s t r a t e   suppor t ing   a  device  layer   of  semiconductor   m a t e r i a l .   I n t e r -  

m e t a l l i c   semiconductor   m a t e r i a l   c r y s t a l s   of  more  than  one  element  such 

as  GaAs  and  GaAlAs  have  a  number  of  p r o p e r t i e s   usefu l   in  i n t e g r a t e d  

c i r c u i t   s t r u c t u r e s   but  to  take  f u l l   advantage  of  those  p r o p e r t i e s   i t   i s  

necessa ry   to  bui ld   the  i n t e g r a t e d   c i r c u i t   s t r u c t u r e   in  a  thin  layer   w i t h  

p r o p e r t i e s   tha t   produce  device  advantages   supported  by  a  s u b s t r a t e   w i t h  

d i f f e r e n t   p r o p e r t i e s .   I t   is  d e s i r a b l e   tha t   the  p r o p e r t i e s   of  t h e  

s u b s t r a t e   have  minimal  e f f e c t   on  the  p r o p e r t i e s   of  the  device  l a y e r .  

One  i n t e g r a t e d   c i r c u i t   s t r u c t u r e   in  use  in  the  ar t   involves   making 

the  i n t e g r a t e d   c i r c u i t   in  a  l ayer   of  GaAs  on  a  s u b s t r a t e   of  h i g h  

r e s i s t i v i t y   or  s e m i - i n s u l a t i n g   GaAs.  In  th i s   s t r u c t u r e   i m p u r i t i e s   i n  

the  doping  tha t   renders   the  s u b s t r a t e   s e m i - i n s u l a t i n g   have  a  d e t r i m e n t a l  

e f f e c t   on  device  p e r f o r m a n c e .  

Another  i n t e g r a t e d   c i r c u i t   s t r u c t u r e   developed  in  the  art   i n v o l v e s  

the  making  and  the  i s o l a t i n g   of  i n t e g r a t e d   c i r c u i t s   in  a  layer   of  GaAs 

on  a  s u b s t r a t e   of  A1203  as  desc r ibed   in  M e t a l l u r g i c a l   T ransac t i ons   Vol .  

1,  March  1970,  pages  623-628  and  in  Journal   of  Applied  Physics  Vol.  42 ,  

No.  6 ,   May  1971,  pages  2519-2527.  In  th is   type  of  s t r u c t u r e ,   p rob l ems  

are  encountered   with  c r y s t a l   d e f ec t s   at  the  GaAs-Al  0   i n t e r f a c e .  

S t i l l   another   semiconductor   s t r u c t u r e   involves   s e l e c t i v e l y   doped 

very  thin  l ayers   of  d i f f e r e n t   semiconductor   m a t e r i a l s .   This  s t r u c t u r e  

is  known  as  a  high  e l e c t r o n   mob i l i ty   t r a n s i s t o r   (HEMT)  and  is  d e s c r i b e d  

in  the  Japanese  Journal   of  Applied  Physics ,   Vol.  19,  No.  5 ,   May  1980, 

pp.  L225  to  L227.  This  s t r u c t u r e   p laces   very  s t r i n g e n t   r equ i rements   on 

the  q u a l i t y   of  the  s u b s t r a t e   and  the  semiconductor   m a t e r i a l   ad jacen t   t h e  

d e v i c e .  



A  s t r u c t u r e   compr is ing   a  m o n o c r y s t a l l i n e   s u b s t r a t e   suppor t ing   a  

device   layer   of  semiconduc tor   m a t e r i a l   in  which  semiconductor   d e v i c e s  

can  be  formed,  is  c h a r a c t e r i s e d ,   accord ing   to  the  i n v e n t i o n ,   by  t h e  

i n c l u s i o n   of  an  i n t e r m e d i a t e ,   l a t t i c e   accommodating  e p i t a x i a l   layer   o f  

GaAlAs  p o s i t i o n e d   between  the  m o n o c r y s t a l l i n e   s u b s t r a t e   and  said  d e v i c e  

l a y e r .  

The  i n v e n t i o n   may  be  viewed  as  an  i n t e r m e d i a t e   m a n u f a c t u r i n g  

p roduc t   which  may  be  employed  in  a  v a r i e t y   of  ways  to  achieve  i n t e g r a t e d  

c i r c u i t   s t r u c t u r e   b e n e f i t s .  

The  i nven t ion   wi l l   now  be  d e s c r i b e d   by  way  of  example,  w i t h  

r e f e r e n c e   to  the  accompanying  drawings ,   in  w h i c h : -  

FIG.  1  r e p r e s e n t s   a  s t r u c t u r e   embodying  the  i nven t ion ;   and 

FIGS.  2,  3,  4  and  5  r e p r e s e n t   va r ious   a p p l i c a t i o n s   of  t h e  

i n v e n t i o n .  

- R e f e r r i n g   to  FIG.  1,  the  s t r u c t u r e   1  has  a  m o n o c r y s t a l l i n e  

i n s u l a t i n g   s u b s t r a t e   2  which  is  jo ined   at  a  l ine   of  demarcat ion  3  w i t h  

an  e p i t a x i a l   layer   4  of  GaAlAs.  The  GaAlAs  layer   4  is  gene ra l l y   undoped 

but  may  conta in   c o n d u c t i v i t y   type  de t e rmin ing   i m p u r i t i e s   in  a c c o r d a n c e  

with  the  p r o p e r t i e s   d e s i r e d   to  be  imparted  to  the  u l t i m a t e   i n t e g r a t e d  

c i r c u i t   s t r u c t u r e .   Since  GaAlAs  may  have  varying  q u a n t i t i e s   of  Ga  and 

Al  u s u a l l y   desc r ibed   as  G a  A l  A s   where  x  v a r i e s   from  about  0.1  to  0 . 9  

and  the  e l e c t r i c a l   and  o p t i c a l   p r o p e r t i e s   vary  with  x,  much  f l e x i b i l i t y  

can  be  achieved.   The  GaAlAs  i n t e r m e d i a t e   l ayer   4  is  e p i t a x i a l   with  t h e  

c r y s t a l l i n e   s u b s t r a t e   2  and  p rov ides   a  b a r r i e r   to  e l e c t r o n s ,   in  a  d e v i c e  

l ayer   which  wi l l   be  formed  over  the  exposed  su r face   of  at  l e a s t   p o r t i o n s  

of  the  layer   4,  from  i n t e r a c t i n g   with  i n t e r f a c e   de f ec t s   at  the  i n t e r f a c e  

3.  The  GaAlAs  i n t e r m e d i a t e   l ayer   4  also  permi t s   wide  d i f f e r e n c e s   i n  

r e s i s t a n c e   p r o p e r t i e s   in  the  m a t e r i a l   chosen  for  the  s u b s t r a t e   2  from 

a f f e c t i n g   the  p r o p e r t i e s   of  the  i n t e g r a t e d   c i r c u i t   dev ices .   A  t h i n  



layer   5  of  Ge  may  be  inc luded   in  order  to  improve  the  l a t t i c e   s p a c i n g  

t r a n s i t i o n   from  the  spacing  of  the  s u b s t r a t e   2  to  tha t   of  the  GaAlAs 

layer   4 .  

The  s u b s t r a t e   2  is  of  a  c r y s t a l l i n e   m a t e r i a l   with  c r y s t a l   s t r u c t u r e  

and  l a t t i c e   spacing  compat ib le   with  e p i t a x i a l   growth  of  the  GaAlAs  l a y e r  

4.  The  s u b s t r a t e   may  be  of  i n s u l a t i n g   m a t e r i a l   such  as  s a p p h i r e ,  

s p i n e l ,   ZnSe  or  conduc t ing   GaAs.  The  s u b s t r a t e   may  be  chosen  to  i m p a r t  

a  v a r i e t y   of  p r o p e r t i e s   such  as  r e s i s t a n c e ,   o p t i c a l   t r a n s p a r e n c y   and 

thermal  conductance .   Where  the  s u b s t r a t e   2  is  o p t i c a l l y   t r a n s p a r e n t   and 

l i g h t   t r a n s m i s s i o n   is  employed  as  par t   of  the  a p p l i c a t i o n   of  t h e  

i n v e n t i o n ,   the  Ge  layer   5  would  not  be  used  since  it  is  o p t i c a l l y   opaque 

to  the  f r e q u e n c i e s   of  most  device  m a t e r i a l s   such  as  GaAs  and  GaAlAs. 

The  s t r u c t u r e   1  may  be  employed  in  va r ious   types  of  i n t e g r a t e d  

c i r c u i t   s t r u c t u r e s   as  i l l u s t r a t e d   in  FIGS.  2,  3,  4  and  5 .  

Refe r r ing   next  to  FIG.  2,  the  i n t e r m e d i a t e   s t r u c t u r e   of  FIG.  1  i s  

provided  with  an  e p i t a x i a l   device  layer   6  of  GaAs  in  which  an  i n t e g r a t e d  

c i r c u i t   is  to  be  formed.  The  layer   6  jo ins   the  GaAlAs  layer   4 

e p i t a x i a l l y   at  an  i n t e r f a c e   7.  In  FIG.  2,  the  region  4  and  the  region  6 

may  be  provided  with  oxygen  in  the  few  pa r t s   per  m i l l i on   range.  T h i s  

causes  the  GaAlAs  layer   4  to  be  highly  i n s u l a t i n g .   The  oxygen  wi l l   a l s o  

give  the  GaAs  layer   6  high  r e s i s t i v i t y   so  tha t   p r o c e s s i n g   o p e r a t i o n s  

such  as  ion  i m p l a n t a t i o n   to  produce  arrays  of  f i e l d   e f f e c t   t r a n s i s t o r s  

may  be  employed.  

In  FIG.  2,  while  the  Ge  l a t t i c e   accommodation  layer   5  is  not  shown, 

the  add i t ion   of  a  5  micron  t h i cknes s   layer  5  of  Ge  would  permit   a  w i d e r  

l a t t i c e   spacing  t o l e r a n c e   in  the  s e l e c t i o n   of  the  m a t e r i a l   for  t h e  

s u b s t r a t e   2.  Where  the  s u b s t r a t e   2  is  made  of  the  m a t e r i a l   A1203,  t h e  

de f ec t s   at  the  i n t e r f a c e   3  may  not,  however,  be  a  s u f f i c i e n t   problem  t o  

j u s t i f y   adding  the  Ge  layer   5  with  the  added  p r o c e s s i n g   c o m p l e x i t y .  



R e f e r r i n g   next  to  FIG.  3,  an  o p t i c a l l y   ac t ive   device  8  such  as  a 

region  of  GaAs  with  a  p-n  j u n c t i o n   9  or  a  Schot tky  b a r r i e r   is  p o s i t i o n e d  

in  at  l e a s t   a  p o r t i o n   of  the  su r f ace   of  the  region  6.  When  t h e  

s t r u c t u r e   of  FIG.  3  is  used,  a  device  a c t u a t i n g   l i g h t   s igna l   can  be  

in t roduced   through  a  t r a n s p a r e n t   s u b s t r a t e   2  of  A1203  and  t h e  

i n t e r m e d i a t e   region  4  to  produce  c a r r i e r s   in  the  device  l ayer   6  to  b e  

c o l l e c t e d   through  an  e x t e r n a l   ohmic  c o n t a c t   (not  shown)  to  the  device  8 .  

Opt ica l   per formance   can  be  improved  by  p rov id ing   a  low  r e c o m b i n a t i o n  

v e l o c i t y   c o n d i t i o n   well   known  in  the  p h o t o v o l t a i c   c e l l   ar t   at  t h e  

i n t e r f a c e   7.  I t   wi l l   be  apparen t   t ha t   the  Ge  layer   5  would  not  be  u s e d  

in  th i s   s t r u c t u r e   s ince  the  Ge  would  opera te   to  a t t e n u a t e   l i g h t   of  t h e  

wavelengths   employed  with  GaAs. 

Re fe r r i ng   next  to  FIG.  4,  the  GaAlAs  region  4  is  made  i n s u l a t i n g  

and  is  equipped  with  a  conduct ive   GaAlAs  layer   11  e p i t a x i a l l y   jo ined   t o  

the  region  4  at  an  i n t e r f a c e   12.  The  l ayer   11  may  be  formed  by  t h e  

t echn iques   of  ion  i m p l a n t a t i o n ,   d i f f u s i o n   or  vapor  g r o w t h .  

Re fe r r i ng   next  to  FIG.  5,  a  l ayer   13  of  undoped  GaAs  is  added  t o  

the  s t r u c t u r e   of  FIG.  4  where  the  GaAs  layer   13  and  the  c o n d u c t i v e  

GaAlAs  l ayer   11  are  at  l e a s t   0.06  micrometers   th ick   to  provide   an 

improved  s t r u c t u r e   for  the  high  e l e c t r o n   mob i l i t y   t r a n s i s t o r   (HEMT) 

device  c u r r e n t l y   r e c e i v i n g   a t t e n t i o n   in  the  a r t .   In  th i s   type  of  d e v i c e  

the  l ayers   are  so  th in   tha t   advantage  can  be  taken  of  the  s p a t i a l  

s e p a r a t i o n   between  e l e c t r o n s   and  t h e i r   pa ren t   donor  i m p u r i t i e s .  

A d d i t i o n a l   advantages   occur  with  the  p r a c t i c e   of  the  i n v e n t i o n .  

Mis f i t   d i s l o c a t i o n s   at  the  i n t e r f a c e   3  wi l l   be  pas s ive   in  s t r u c t u r e s  

employing  the  i n v e n t i o n   as  opposed  to  the  c o n d i t i o n s   p r e s e n t   in  t h e  

" s i l i c o n   on  s apph i re"   type  s t r u c t u r e s   common  in  the  s i l i c o n   i n d u s t r y .  

Fur ther   i m p e r f e c t i o n s   o r i g i n a t i n g   at  the  i n t e r f a c e   3  wi l l   p ropaga te   i n  

the  i n t e r m e d i a t e   l ayer   4  but  wi l l   not  grow  p e r p e n d i c u l a r   to  the  i n t e r -  

faces  7  and  12  between  the  i n t e r m e d i a t e   and  device  l aye r s   and  when  t h e y  



reach  the  device  l ayers   6  and  11  they  wil l   p ropaga te   p a r a l l e l   to  t h e  

i n t e r f a c e s   7  and  12  r e s u l t i n g   in  a  h igher   q u a l i t y   device  l a y e r .  

A  p r e f e r r e d   embodiment  of  the  i n v e n t i o n   is  a  s t r u c t u r e   s i m i l a r   t o  

FIG.  2  with  a  s u b s t r a t e   2  of  A1203  of  s u f f i c i e n t   t h i c k n e s s   for  h a n d l i n g .  

A  2  to  20  micron  th ick   layer   4  of  Gao,5xA11-0.5xAs  is  e p i t a x i a l l y   grown 

thereon ,   through  the  t echnique   of  the  decomposi t ion   of  vapors  of  t r i -  

methyl  aluminum,  t r i m e t h y l   gal l ium  and  a r s i n e .   This  is  fo l lowed  by  a 

layer   of  GaAs  of  at  l e a s t   0.1  microns  t h i c k n e s s   in  which  no  A l -  

con t a in ing   vapor  is  provided  in  the  growth  with  the  Ga  source  and  the  As 

source.   In  order   for  the  GaAs  layer   6  to  be  usefu l   for  a c t i ve   d e v i c e s ,  

i t   should  have  an  average  c a r r i e r   m o b i l i t y   of  the  order   of  5,000  c e n t i -  
m e t r e s   per  vo l t   second  and  have  a  doping  c o n c e n t r a t i o n   between  10 15  and 
10 16  atoms  per  cc.  Where  the  Ge  l aye r   5  is  employed,  i t   would  be  grown 

f i r s t   on  the  AO2O3  to  a  depth  of  around  5  microns  fol lowed  by  the  GaAlAs 

d e s c r i b e d .  

A l t e r n a t i v e l y ,   the  GaAs  layer   6  could  be  2  to  20  microns  th ick   and 

oxygen  doped  to  give  it   high  r e s i s t i v i t y   and  a  t echn ique   such  as  i o n  

i m p l a n t a t i o n   used  to  form  the  ac t ive   device  r e g i o n .  

What  has  been  desc r ibed   is  a  s t r u c t u r e   for  the  f a b r i c a t i o n   o f  

i n t e g r a t e d   c i r c u i t s   wherein  an  i n t e r m e d i a t e   layer   of  GaAlAs  or  of  GaAlAs 

and  Ge  is  p rovided   between  the  s u b s t r a t e   and  the  device  l a y e r .  



1.  A  s t r u c t u r e   compris ing   a  m o n o c r y s t a l l i n e   s u b s t r a t e   (2)  suppor t ing   a 

device   l ayer   (6)  of  semiconductor   m a t e r i a l   in  which  s emiconduc to r  

dev ices   can  be  formed,  the  s t r u c t u r e   being  c h a r a c t e r i s e d   by  t h e  

i n c l u s i o n   of  an  i n t e r m e d i a t e ,   l a t t i c e   accommodating  e p i t a x i a l   l a y e r  

(4)  of  GaAlAs  p o s i t i o n e d   between  the  m o n o c r y s t a l l i n e   s u b s t r a t e   (2) 

and  said  device  layer   ( 6 ) .  

2.  A  s t r u c t u r e   as  claimed  in  claim  1,  in  which  the  s u b s t r a t e   c o n s i s t s  

of  s a p p h i r e ,   s p i n e l ,   ZnSe  or  GaAs. 

3.  A  s t r u c t u r e   of  claim  1  as  claimed  in  claim  1  or  claim  2,  in  which 

said  device  l aye r   c o n s i s t s   of  GaAs. 

4.  A  s t r u c t u r e   as  claimed  in  claim  1  or  claim  2,  in  which  said  d e v i c e  

l aye r   comprises   a  l ayer   of  conduct ive   GaAlAs. 

5.  A  s t r u c t u r e   as  claimed  in  claim  4,  in  which  said  device  l a y e r  

f u r t h e r   comprises   a  l ayer   of  undoped  GaAs  ove r ly ing   the  layer   o f  

conduc t ive   GaAlAs. 

6.  A  s t r u c t u r e   as  claimed  in  any  p reced ing   claim,  in  which  both  s a i d  

device   l ayer   and  the  i n t e r m e d i a t e   l ayer   are  doped  with  oxygen.  

7.  A  s t r u c t u r e   as  claimed  in  any  p reced ing   claim,  f u r t h e r   comprising  a 

th in   l ayer   of  Ge  p o s i t i o n e d   between  the  m o n o c r y s t a l l i n e   s u b s t r a t e  

and  the  i n t e r m e d i a t e   l aye r   of  GaAlAs. .  

8.  A  s t r u c t u r e   as  claimed  in  claim  3,  i n c l u d i n g   an  e l e c t r o - o p t i c a l  

device  formed  in  said  device  l a y e r .  



9.  A  s t r u c t u r e   as  claimed  in  claim  8,  in  which  the  s u b s t r a t e   and  t h e  

i n t e r m e d i a t e   l ayer   are  t r a n s p a r e n t   to  l i g h t   to  which  said  d e v i c e  

layer   is  r e s p o n s i v e .  

10.  A  s t r u c t u r e   as  claimed  in  claim  9,  in  which  the  s u b s t r a t e   c o n s i s t s  

of  Al2O3. 
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